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ABSTRACT

The present mvention relates to a system for minimizing
emulsion formation 1n a pumped oil well by establishing
substantially core annular flow at the outlet of the system.
The core annular flow regime 1s established at the outlet of
the system through a combination of a pump outlet and a
transition conduit.
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METHOD AND APPARATUS FOR
MINIMIZING EMULSION FORMATION IN A
PUMPED OIL WELL

The present application claims priority under 35 U.S.C.
§119(e) to provisional application Ser. No. 60/059,731, filed
Sep. 23, 1997, the entirety of which 1s 1incorporated herein
by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an apparatus and method
for enhanced production of hydrocarbons from a producing
well. In particular, the present invention relates to an
improved apparatus and method for enhancing the downhole
separation of hydrocarbons and water produced from earth
formations penetrated by a wellbore and for lifting viscous
fluids from the wellbore.

2. Related Art

Conventional hydrocarbon (e.g., crude oil, natural gas, or
gas condensate) production wells have been constructed in
subterrancan strata that yield both hydrocarbons and an
undesired amount of water, such as salt water. In many of
these wells, the natural pressure i1n the producing earth
formation or reservoir is insufficient to propel or push the
fluad produced from the formation to the surface of the earth.
In such instances, it 1s necessary to use artificial lift systems
to convey the produced fluids to the ground surface.

Some hydrocarbons, for example, crude o1l, have a low
viscosity and are relatively easy to pump from the subter-
rancan reservoir. Others have a very high viscosity even at
reservolr conditions and present numerous difficulties when
attempting to bring such fluids to the ground surface.

Sucker rod pumps may be used to lift viscous
hydrocarbons, but 1n many fields, sucker rod pumps cannot
be used. For example, rod pumps are not feasible 1n highly
deviated wells and, in many fields, limited surface rights
make sucker rod pumps unfeasible.

Anumber of pumps such as electrical submersible pumps,
clectrical submersible progressive cavity pumps, and axial
flow pumps have been used when sucker rod pumps, or other
types of lifting systems, are not feasible. In such systems, the
use of such pumps has been proposed for either the rein-
jection of produced water downhole, or for the artificial
lifting of produced hydrocarbons to the surface. One prob-
lem 1n using such pumps as an artificial lift method 1s that
they tend to impart a high shear on the produced fluids as
they pass through the pump. If the well 1s producing both o1l
and water, this high shear can lead to the formation of
emulsions of o1l and water having very small droplet size.
Such emulsions may be referred to as “tight emulsions.”
These emulsions may be difficult and expensive to separate
in surface separation facilities.

Two examples of such systems utilizing electrical sub-
mersible pumps, for example, are shown m U.S. Pat. Nos.
4,832,127 and 4,749,034. These mventions mix water with
the crude o1l at relatively high shear rates to force an
emulsion to form in the pump. The emulsion has an effective
viscosity less than the viscosity of the crude o1l because 1t 1s
water continuous rather than oil continuous. These mven-
tions make it possible to produce oils otherwise not capable
of being produced by electrical submersible pumps, but an
excessive amount of water injection from the ground surface
1s required. For example, the process of U.S. Pat. No.

4,832,127 utilizes from 300 to 1,200 barrels of water per day
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to produce about 225 barrels of o1l. This excessive amount
of water results 1n larger pumps, motors, and surface sepa-
ration equipment. Further, because an emulsion 1s created,
surface separation equipment must be capable of breaking
the emulsion.

[f such emulsions have an oil-continuous phase (i.c., a
“water-in-o1l emulsion” having water droplets dispersed in
an o1l medium), they may also possess a viscosity that can
be much higher than that of the base crude oil. The increased
viscosity can then result 1in the use of additional energy to
pump the resulting emulsion through production tubing to
the surface.

To overcome this problem, several devices and schemes
have been proposed to separate the o1l and water downhole
thereby minimizing or eliminating the formation of the
oll/water emulsion. Some of these systems rely on the
downhole natural gravity separation of the o1l and water.
Other systems, however, rely on known separation devices,
such as hydrocyclones, which divide the o1l and water into
separate streams to be handled 1n separate, individual tubing
strings. The separated o1l can then be pumped to the surface
and the separated water can be disposed of downhole or be
pumped to the ground surface via the separate tubing.

Other proposed systems, such as the system shown in U.S.
Pat. No. 5,159,977, utilize oil/water core flow at the pump
inlet 1n order to reduce electrical motor temperature rise and
the frictional pressure drop in the production tubing while
increasing pump efficiency. However, this mmvention requires
water to be 1njected from the ground surface, albeit less than
prior known systems, which may result in larger pumps,
motors, and surface separation equipment.

Methods for establishing core annular flow 1n pipelines
have been disclosed 1n, for example, U.S. Pat. Nos. 3,977,
469, 4,047,539, 4,745,937, and 4,753,261. These processes
establish a core flow of a viscous fluid within a core of a less
viscous fluid 1n order to reduce the pressure drop in the
pipeline. These inventions, however, do not disclose or
suggest an apparatus or method to consistently create core
annular flow at the outlet of an electrical submersible pump,
clectrical submersible progressive cavity pump, or an axial
flow pump.

Generally, these pumps may be used 1n relatively high rate
wells where natural (gravity) separation in the wellbore
would not occur. The conventional method of achieving
downhole separation 1n wells utilizing such pumps would
require the use of a hydrocyclone at the inlet of the pump and
two separate pumps at the outputs of the hydrocyclone to
handle the separated water and o1l streams.

Thus, there 1s a need i1n the art for an apparatus and
method that substantially obviates one or more of the
limitations and disadvantages of conventional pumping sys-
tems. Particularly, 1t would be highly desirable to provide
such a pump which does not impart undue shear to the
produced o1l and water. This would reduce or substantially
climinate the formation of an oil/water emulsion.
Furthermore, 1t would be desirable to provide a pump that
could enhance the separation of produced o1l and water
downhole without requiring the injection of excess water
from the ground surface.

SUMMARY OF THE INVENTION

In one aspect of the present invention, a pump 1s provided
for conducting produced fluids from a producing well to a
oround surface. The mnvention includes a pump section, and
a pump outlet disposed at one end of the pump section and
in fluid flow communication with the pump section. A
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transition conduit having an inlet and an outlet 1s coupled to
the pump outlet. The pump outlet 1s configured to accelerate
produced fluids 1n a tangential direction toward the transi-
fion conduit so that produced fluids exiting the transition
conduit are 1n substantially core annular flow. The mvention
also mcludes an outlet conduit 1n fluid flow communication
with the transition conduit for conducting produced fluids to
the ground surface.

In another aspect of the present mnvention, a method for
conducting produced fluids, including hydrocarbons and
water, from a producing well to a ground surface 1s provided.

The method 1ncludes pumping produced fluids through a
pump section mto a pump outlet disposed at one end of the
pump section. The method further includes accelerating the
produced fluids entering the pump outlet 1n a substantially
tangential direction and towards an inlet of a transition
conduit coupled to the pump outlet. In addition, the method
includes forcing the accelerated produced fluids through the
transition conduit thereby further accelerating the produced
fluids 1n the tangential direction and increasing the centrip-
ctal and centrifugual forces acting on the produced fluids
such that the produced hydrocarbons and produced water
separate 1nto substantially core annular flow. The method
further includes conducting the separated hydrocarbons and
water up an outlet conduit to the ground surface.

FEATURES AND ADVANTAGES

The present invention provides an improved pump to
enhance o1l and water separation within the pump,
preferably, at its outlet. The 1mproved pump, at least
partially, breaks any o1l and water emulsion created by its
pump section and causes separated water to be conducted
radially outwardly, preferably in the pump outlet to the wall
of the tubing outlet. The o1l and any remaining emulsion
may be located geometrically near the axis or center portion
of the tubing. This radial distribution of the fluid results in
what 1s generally known as “core annular flow,” wherein the
heavier water tends toward the outside of the wall of the
tubing outlet while the o1l tends to stay toward the central
axis of the tubing outlet as the fluids tlow through the tubing.

The promotion of core annular flow results 1n several
advantages. Among these are: 1) reducing the effective
viscosity of the emulsion; 2) reducing drag along the tubing
wall; 3) reducing the “tightness” of the emulsion, thereby
increasing the effectiveness of the separation facilities at the
ground surface; 4) reducing the amount of chemical emul-
sion breaker and/or facilities required for separation; 5)
increasing the throughput of the separation facilities without
adding additional equipment; and 6) simplifying the equip-
ment required for downhole separation. Core annular flow
may, however, be relatively short lived 1f the viscosity of the
inner (radial) fluid 1s much less than 1000 centipoise. Even
if core annular flow cannot be sustained along the entire
length of the outlet tubing to the ground surface, there are
large advantages in separating the oil and water mto two
phases, rather than producing the mixture as a tight emulsion
which 1s difficult and expensive to separate at the ground
surface.

In the present invention, the preferred embodiments of the
improved pump accelerate the oil/water emulsion 1n a tan-
gential direction as 1t 1s exiting from the pump outlet.
Separation occurs because of an increase 1n centrifugal force
(which i1s generally discussed in terms of the gravitational
constant or “g”) which pulls the heavier fluid component
(e.g., water) to the outside of the boundary of the device
(e.g., tubing) and a corresponding increase in centripetal
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force which forces the lighter fluid component (e.g., oil) to
the center or axis of the device. A major difference between
using the pump system of the present invention from the use
of conventional hydrocyclone separators 1s that in the
present 1nvention a single output tubing string transports the
separated fluids 1n substantially core annular flow to the
oround surface. This reduces the amount of, and complexity
of, the equipment used downhole to separate the oil and
walter.

Moreover, the present invention overcomes the problems
with conventional systems in that 1t substantially separates
the emulsion of o1l and water at the outlet of the pump.
Furthermore, the present invention provides a pump that
enhances the separation of produced o1l and water downhole
without requiring the injection of excess water from the
oround surface.

The mvention may best be understood by the following
detailed description taken in conjunction with the accom-
panying drawings. These descriptions and drawings are
intended as 1llustrative of the invention and should not be
construed as limitations thereon.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated 1n
and constitute a part of this specification, illustrate embodi-
ments of the mvention and, together with the description,
serve to explain the features, advantages, and principles of
the 1nvention.

FIG. 1a 1s a schematic sectional view of an embodiment
of the present invention showing a pump with a pump outlet;

FIG. 1b 1s a schematic detailed view of an exemplary
pump outlet according to the present invention;

FIG. 24 1s a schematic sectional view of a second embodi-
ment of the present invention showing a pump with a pump
outlet; and

FIG. 2b 1s a schematic detailed view of a second exem-
plary pump outlet according to the present imvention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Reference will now be made in detail to the present
preferred embodiments of the invention, examples of which
are 1llustrated 1n the accompanying drawings. The exem-
plary embodiments of this invention are shown in some
detail, although 1t will be apparent to those skilled in the
relevant art that some features which are not relevant to the
invention may not be shown for the sake of clarity.

Referring to FIG. 1a, there 1s illustrated, 1n a schematic
sectional view, an exemplary embodiment of the present
invention and 1s represented generally by the reference
numeral 10. A pump, shown generally by the reference
numeral 5, preferably includes a pump section 11. Pump §
1s preferably an electrical submersible pump, and more
preferably, an electrical submersible centrifugal pump. In
such an embodiment, pump section 11 preferably includes a
series, or plurality, of impeller or centrifugal pump stages,
cach pump stage including one or more impellers. In an
alternate embodiment of the present invention, pump 3 1s an
clectrical submersible progressive cavity pump. In such an
embodiment, pump section 11 includes one or more pro-
gressive cavity pump stages, each of which includes a rotor
and a stator. An exemplary electrical submersible progres-
sive cavity pump suitable for use with the present mnvention
1s shown 1n U.S. Pat. No. 3,677,665, the entirety of which 1s

incorporated herein by reference. In a further alternate
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embodiment of the present invention, pump S 1s an axial
flow pump. In such an embodiment, pump section 11
preferably includes one or more axial flow stages, each of
which preferably includes an impeller and a stator, or a rotor
and a stator. Exemplary axial flow pumps suitable for use
with the present invention are shown in U.S. Pat. Nos.
5,562,405 and 5,755,554, the entirety of both of which are

incorporated herein by reference.

Pump section 11 1s preferably driven by an electric motor
which 1s encased within a motor section 14 at the lower end
of pump 5. Preferably, motor or motor section 14 1s disposed
below pump section 11. The placement of motor 14 will, of
course, depend on various factors, such as the size of motor
14 or the dimensions of the producing well.

A pump outlet 13 1s shown disposed at an upper end 26
of pump section 11 and preferably in fluid flow communi-
cation with pump section 11. It should be understood by one
skilled 1n the art that the present invention embraces the use
of more than one pump outlets 13. For example, 1t may be
necessary to use two or more pump outlets 13 1n order to
provide separation of the oil and water which results in
substantially core annular flow as will be described 1n more
detail below.

A transition conduit 12 1s shown connected to pump outlet
13 and 1n fluud flow communication therewith. Transition
conduit 12 may preferably be connected or attached at its
inlet 22 to a housing 13a of pump outlet 13 by any suitable
method, such as, but not limited to, welding or via threaded
connections. Additionally, transition conduit 12 may prei-
erably be connected at its outlet 24 to a fluid outlet conduit
16 by any suitable method.

As shown m FIG. 1la, transition conduit 12 preferably
tapers from a larger cross-sectional area at inlet 22 to a
smaller cross-sectional area at outlet 24. This reduction 1n
surface area causes produced fluids which flow 1nto inlet 22
of transition conduit 12 from pump outlet 13 to be acceler-
ated 1n a tangential direction which will be described 1n more
detail below. Preferably, transition conduit 12 i1s conical in
shape and therefore the surface areas at inlet 22 and outlet
24 are circular. It should, however, be apparent to one of
ordinary skill 1n the art that transition conduit 12 may be
other suitable shapes as long as the further tangential accel-
eration of the produced fluids flowing through transition
conduit 12 can be maintained.

Fluid outlet conduit 16, as noted above, 1s preferably
connected to transition conduit 12 by any suitable method.
Fluid outlet conduit 16 may be a production tubing string
which extends from the ground surface downwardly through
the well. Fluid outlet conduit 16 is m fluid flow communi-
cation with transition conduit 12 thereby providing a flow
path to the ground surface for the separated produced fluids
which will be described 1n more detail below. Pump 5 may

also be suspended 1n the production well from fluid outlet
conduit 16.

An 1nlet 15 1s preferably disposed at a lower end 28 of
pump section 11. As shown 1n the exemplary embodiment in
FIG. 1la, inlet 15 may be sets of perforations 13a.
Alternatively, mlet 15 may be a port or multiple ports or
other suitable mechanisms for conducting fluid flow.
Preferably, however, inlet 15 will be sets of perforations 15a4.
Inlet 15 1s configured to permit the produced fluids to enter
pump section 11 which will be described 1n more detail
below.

Reference will now be made to the operation of the first
embodiment as shown in FIGS. 14 and 1b. In FIG. 15, pump
outlet 13 1s shown 1n more detail, but still schematically. A
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drive shaft 17 is shown (in partial view) extending from
motor 14 mto pump outlet 13 where it 1s connectable to
preferably a pair of rotating vanes 19. It should be under-
stood by one of ordinary skill in the art that any number of
rotating vanes 19 may be used, for example, one, two, or
more than two, depending on the amount of fluid accelera-
tion desired and the physical limitations of pump 5. As
shown 1n FIG. 1b, rotating vanes 19 are preferably rectan-
oular 1n shape but 1t should be apparent that other shapes are
embraced by the present invention.

As produced fluids (i.e., hydrocarbons and water) are
withdrawn from a subterrancan reservoir, the produced
fluids are drawn 1nto pump section 11 of pump 5 through
perforations 15a4. The produced fluids are transported
through pump section 11 i a well-known manner. The
produced fluids exiting pump section 11 enter pump outlet
13 in an axial direction (as shown by arrows 22 in FIG. 1b).
Once mside pump outlet 13, the rotation of vanes 19 causes
the produced fluids entering axially from below to be
tangentially accelerated in the direction of arrows 20 and
simultaneously forced to inlet 22 of transition conduit 12. As
the produced fluids are forced through transition conduit 12
toward outlet 24, or narrower end of transition conduit 12,
the reduction 1n diameter of conical transition conduit 12
causes further tangential acceleration of the fluids.

The further tangential acceleration of the produced fluids
within transition conduit 12 increases the centripetal and
centrifugal forces, or “g” forces, acting on the produced
fluids. This tends to cause separation of the produced o1l and
water as they are forced toward outlet 24. The heavier water
tends toward the outside or wall of outlet conduit 16 while
the o1l and any remaining oil/water emulsion stay toward the
central axis of outlet conduit 16. This separates the produced
fluids 1nto substantially a core annular flow regime of the o1l
and water 1n outlet conduit 16. The separated produced
fluids continue up outlet conduit 16 to the ground surface

where they may be collected 1n a suitable manner.

Reference will now be made to FIG. 2a, where a second
embodiment of the present mvention is shown schemati-
cally. Like reference numerals will be used where appropri-

ate to describe similar elements to those of the embodiment
shown 1n FIGS. 1a and 1b.

Referring to FIG. 2a, there 1s illustrated, in a schematic
sectional view, a second exemplary embodiment of the
present mnvention and 1s represented generally by the refer-
ence numeral 10. A pump, shown generally by the reference
numeral 5, preferably includes a pump section 11. Pump §
1s preferably an electrical submersible pump and pump
section 11 preferably includes a series, or plurality, of
impeller or centrifugal pump stages, the configuration of
which would be readily apparent to one of skill in the art. In
a manner similar to that discussed with respect to FIGS. 1a
and 1b, pump § can also be an electrical submersible
pProgressive cavilty pump or a weir pump.

Pump section 11 is preferably driven by an electric motor
that 1s encased within motor section 14 at the lower end of
pump 3. Preferably, motor or motor section 14 1s disposed
below pump section 11. In addition, inlet 15 1s preferably
disposed at a lower end of pump section 11.

An alternate embodiment of pump outlet 13 1s shown
disposed at upper end 26 of pump section 11 and preferably
in fluid flow communication with pump section 11. Transi-
tion conduit 12 1s also shown connected to a housing 134 of
pump outlet 13 and 1n fluid flow communication therewaith.

As noted above with respect to FIG. 1a, and as shown 1n
FIG. 2a, transition conduit 12 preferably tapers from a larger
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cross-sectional area at inlet 22 to a smaller cross-sectional
arca at outlet 24. This reduction in surface area causes
produced fluids which flow into the inlet 22 of transition
conduit 12 from pump outlet 13 to be accelerated 1 a
tangential direction which will be described in more detail
below.

Fluid outlet conduit 16 1s provided and 1s preferably
connected to transition conduit 12 by any suitable method.
Fluid outlet conduit 16 may be a production tubing string
which extends from the ground surface downwardly through
the well. Fluid outlet conduit 16 is 1 fluid flow communi-
cation with transition conduit 12 thereby providing a flow
path for the separated produced fluids to the ground surface
which will be described 1n more detail below. The pump 3
may also be suspended in the production well from fluid
outlet conduit 16.

Reference will now be made to the operation of the
second embodiment as shown 1n FIGS. 2a and 2b. In FIG.
2b, pump outlet 13 1s shown 1n more detail, but still
schematically. An output nozzle 29, in fluid flow commu-
nication with pump section 11, 1s disposed 1n pump outlet 13
as shown 1n FIG. 2b. Nozzle 29 1s configured to accelerate
t he produced fluids entering pump outlet 13 from pump
section 11 1n a substantially tangential direction which will
be described below. It should be understood by one of
ordinary skill in the art that a plurality of nozzles may be
employed 1n the present invention depending, of course,
upon the p articular characteristics of the producing well.

As produced fluids (i.e., hydrocarbons and water) are
withdrawn from a subterranean reservoir, the produced
fluids are drawn into pump section 11 through perforations
15a. The produced fluids are transported through the plu-
rality of pump stages disposed in pump section 11 1 a
suitable manner. As the produced fluids exit pump section 11
and enter pump outlet 13, nozzle 29 disposed therein accel-
crates the produced fluids 1n a tangential direction, as shown
by arrows 20, within pump outlet 13. Simultaneously, the
produced fluids are forced towards inlet 22 of transition
conduit 12. As the produced fluids are forced through
transition conduit 12 toward outlet 24, or narrower end of
transition conduit 12, the reduction in diameter of conical
transition conduit 12 causes further tangential acceleration
of the fluids resulting 1n separation of the produced fluids
and substantially core annular flow through outlet conduit 16
to the ground surface as described above.

CONCLUSION

While various embodiments of the present invention have
been described above, 1t should be understood that they have
been presented by way of example only, and not limitation.
Thus, the breadth and scope of the present invention should
not be limited by any of the above-described exemplary
embodiments, but should be defined only 1n accordance with
the following claims and their equivalents.

We claim:

1. A pump for conducting produced fluids from a produc-
ing well to a ground surface comprising:

a pump section comprising an upper end and a lower end;

a pump outlet disposed at one end of said pump section
and 1n fluid flow communication with said pump sec-
tion;

a transition conduit having an inlet and an outlet coupled
to said pump outlet, wherein said pump outlet 1is
coniligured to accelerate produced fluids 1n a tangential
direction toward said transition conduit and wherein
produced fluids exiting said transition conduit are in
substantially core annular flow; and
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an outlet conduit 1n fluid flow communication with said
transition conduit for conducting produced fluids to the
oround surface.

2. The pump according to claim 1, wherein said pump
outlet comprises a rotating vane, said rotating vane capable
of causing produced fluids entering said pump outlet 1n an
axial direction to be accelerated 1n a tangential direction
toward the inlet of said transition conduit.

3. The pump according to claim 2, wherein said transition
conduit tapers from a larger cross-sectional area at the inlet
of said transition conduit to a smaller cross-sectional area at
the outlet of said transition conduit, thereby causing the
produced fluids to be further accelerated in the tangential
direction.

4. The pump according to claim 1, wherein said transition
conduit tapers from a larger cross-sectional area at the inlet
of said transition conduit to a smaller cross-sectional area at
the outlet of said transition conduit, thereby causing the
produced fluids to be further accelerated in the tangential
direction.

5. The pump according to claim 4, wherein said transition
conduit 1s conical.

6. The pump according to claim 1, wherein said outlet
conduit 1s a tubing string extending from the ground surface
and coupled to the outlet of said transition conduit.

7. The pump according to claim 1, wherein said pump
outlet comprises a nozzle, said nozzle configured to cause
produced fluids entering said pump outlet to be accelerated
in a tangential direction toward the inlet of said transition
conduit.

8. The pump according to claim 7, wherein said transition
conduit tapers from a larger cross-sectional area at the inlet
of said transition conduit to a smaller cross-sectional area at
the outlet of said transition conduit, thereby causing the
produced fluids to be further accelerated in the tangential
direction.

9. The pump according to claim 8, wherein said transition
conduit 1s conical.

10. The pump according to claim 1, further comprising:

an 1nlet disposed at an end of said pump section remote
from said one end, said inlet configured to conduct
produced fluids 1nto said pump section.

11. The pump according to claim 1, further comprising;:

a motor for driving said pump section.

12. The pump according to claim 11, wherein said motor
1s disposed below said pump section.

13. The pump according to claim 1, wherein said pump
section comprises an impeller.

14. The pump according to claim 1, wherein said pump
section comprises a rotor and a stator.

15. The pump according to claim 14, wherein said rotor
and said stator are disposed in an axial flow stage.

16. The pump according to claim 14, wherein said rotor
and said stator are disposed 1n a progressive cavity pump
stage.

17. The pump according to claim 1, wherein said pump
section comprises an impeller and a stator.

18. The pump according to claim 1, wherein said pump
section comprises a plurality of pump stages.

19. A method for conducting produced fluids, including
hydrocarbons and water, from a producing well to a ground
surface comprising the steps of:

pumping produced fluids through a pump section into a
pump outlet disposed at an end of the pump section;
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accelerating the produced fluids entering the pump outlet
in a substantially tangential direction and towards an
inlet of a transition conduit coupled to the pump outlet;

forcing the accelerated produced fluids through the tran-
sition conduit thereby further accelerating the produced
fluids 1 the tangential direction and increasing the
centripetal and centrifugal forces acting on the pro-
duced fluids such that the produced hydrocarbons and
produced water separate 1nto substantially core annular
flow; and

conducting the separated hydrocarbons and water up an
outlet conduit to the ground surface.

10

10

20. The method according to claim 19, wherem the
accelerating step 1s performed using a rotating vane disposed
in the pump outlet.

21. The method according to claim 19, wheremn the
accelerating step 1s performed using a nozzle disposed 1n the
pump outlet.

22. The method according to claim 19, further comprising
the step of:

collecting the substantially separated hydrocarbons and
water at the ground surface.
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